Objective: To compare the mortality rates of vegetarians and non-vegetarians. Design: Collaborative analysis using original data from five prospective studies. Death rate ratios for vegetarians compared to non-vegetarians were calculated for ischaemic heart disease, cerebrovascular disease, cancers of the stomach, large bowel, lung, breast and prostate, and for all causes of death. All results were adjusted for age, sex and smoking. A random effects model was used to calculate pooled estimates of effect for all studies combined. Setting USA, UK and Germany. Subjects: 76,172 men and women aged 16-89 years at recruitment. Vegetarians were those who did not eat any meat or fish ( n = 27,808). Non-vegetarians were from a similar background to the vegetarians within each study. Results: After a mean of 10.6 years of follow-up there were 8330 deaths before the age of 90 years, including 2264 deaths from ischaemic heart disease. In comparison with non-vegetarians, vegetarians had a 24% reduction in mortality from ischaemic heart disease (death rate ratio 0.76, 95% CI 0.62-0.94). The reduction in mortality among vegetarians varied significantly with age at death: rate ratios for vegetarians compared to non-vegetarians were 0.55 ) and 0.92 (95% CI 0.73-1.16) for deaths from ischaemic heart disease at ages <65, 65-79 and 80-89 years, respectively. When the non-vegetarians were divided into regular meat eaters (who ate meat at least once a week) and semi-vegetarians (who ate fish only or ate meat less than once a week), the ischaemic heart disease death rate ratios compared to regular meat eaters were 0.78 (95% CI 0.68-0.89) in semi-vegetarians Keywords and 0.66 (95% CI 0.53-0.83) in vegetarians (test for trend P< 0.001). There were no significant differences between vegetarians and non-vegetarians in mortality from the Vegetarian other causes of death examined. 
The number of vegetarians is increasing in many Western countries. Studies of risk factors for chronic disease have shown that vegetarians have lower serum cholesterol concentrations, lower body mass indices, and possibly lower blood pressures than comparable non-vegetarians', but the associations of a vegetarian diet with mortality from specific causes are not firmly established'.
Five prospective cohort studies set out to include a large proportion of vegetarians and also to include nonvegetarians with a shared interest in healthy living or a similar social/religious background. Each study has reported some evidence that infrequent meat consumption o r vegetarianism was associated with a reduction in mortality from ischaemic heart disease, but some of these individual results were not statistically 'Corrsponding aurhor E-mail: key@icrf.icnet.uk significant or were not observed in both sexes3-'. The current analysis sought to reanalyse these five studies together using, as far as possible, common definitions in order to provide an overall estimate of any association of a vegetarian diet with the risk of death from ischaemic heart disease and to explore whether such an association varied with sex, age, duration of vegetarianism and the presence of cardiovascular disease or diabetes at recruitment.
There is some evidence suggesting that meat consumption increases the risk for cancers of the colorectum', breast9 and prostate". In previous analyses of food consumption and cancer mortality among Seventh-day Adventists, meat consumption was weakly associated with an increased mortality from prostate cancer'' but not with mortality from cancers of the colorectum and brea~t".'~. We sought to extend these observations by combining the five studies of vegetarians to give reasonable power for detecting associations with mortality for these cancer sites. We also report mortality from cerebrovascular disease, stomach cancer and lung cancer, although for these causes of death there was no strong apriori hypothesis that a vegetarian diet would be associated with mortality.
The data available enabled us to classify subjects in all the studies as to whether or not they were vegetarian. However, the data were not sufficient to enable us to estimate nutrient intakes, or even to assess the consumption of important food groups in a comparable way across all the studies. This paper reports the main findings. Further details of the studies and further analyses of mortality will be published separately'*.
Subjects and methods

Studies
We identified five prospective cohort studies which have deliberately recruited vegetarians or populations known to contain a large proportion of vegetarians ( Table 1) . The Adventist Mortality study recruited members of the Seventh-day Adventist church from 198 congregations in California; follow-up for mortality was by record linkage and personal contact (follow-up Table 1 Description of the studies for this study until 31 December 1965 only is used in this analysis). The Health Food Shoppers study recruited people in Britain from health food shops, vegetarian societies and magazines; follow-up was by record linkage with the National Health Service Central Register. The Adventist Health study recruited Seventhday Adventists from throughout California; follow-up was through record linkage with the California death certificate file, the National Death Index and church records. There is no overlap between the follow-up periods in the two studies of Seventh-day Adventists. The Heidelberg study cohort was recruited through vegetarian magazines in the former Federal Republic of Germany; follow-up was through the registrar's office of the last place of residence. The Oxford Vegetarian study cohort was recruited through the Vegetarian Society of the UK and the news media, with nonvegetarians recruited from the friends and relatives of vegetarians; follow-up was the same as for the Health Food Shoppers study, and 863 subjects who were members of both these cohorts were excluded from the Health Food Shoppers study and retained in the Oxford Vegetarian study because the latter collected more information o n potential confounding variables.
Definitions and main analyses
Subjects were eligible for analysis if they were aged 16-89 years at recruitment, if they had not been diagnosed with cancer before recruitment (except for ICD9 173, non-melanoma skin cancer), and if they had sufficient information for classifying diet group and smoking category. Information on existing cardiovascular disease and diabetes at recruitment was available for four of the studies, and the influence of prior disease on the results was examined in a subanalysis.
The main analysis compared vegetarians with nonvegetarians. In the Health Food Shoppers study vegetarians were people who replied yes to the question 'Are you a vegetarian?'; 289 subjects were interviewed between 1.5 and 6 years after the recruitment questionnaire was completed, and of these subjects 66% of those who initially reported that they were vegetarian were then eating meat or fish less than once a month15. This suggests that the single question on the recruitment form is informative but that This information was available from all studies with the following exceptions:
in the Adventist Mortality study the cut-off point between light and heavy smoking was 20 cigarettes per in the Health Food Shoppers study there was no information on ex-smokers and all non-current smokers were therefore categorized as never smokers; in the Adventist Health study the information on amount smoked was for the maximum ever smoked and this was therefore assumed to be the current consumption in current smokers; in the Heidelberg study there was no information on amount smoked and all smoking was assumed to be light because the prevalence of smoking was very low in this study (4.3% current smokers).
day;
Adjustment for potentiul confounders
The principal analyses included all subjects for whom we had sufficient data to allow categorization as described above for diet group and smoking. We also explored the effects of adjusting the results for four potential confounders: body mass index, alcohol intake, education and exercise. Men and women were categorized into thirds of the distribution of body mass index for all men and all women respectively. Alcohol intake was categorized as regular drinker or non-regular drinker; definitions varied between studies but the guideline was that regular drinking is at least one alcoholic drink p e r week. Education was classified as high, equivalent to American high school or above, or low; for the Oxford Vegetarian study social class only was available and social classes I and I1 were considered equivalent to high education. Exercise was classified as high or low on the basis of criteria used to define the level of physical activity in each study. For these four potential confounding variables there were some missing data in each study, and there was no information at all on body mass index, alcohol, education or exercise in the Health Food Shoppers study and no information on exercise for any women in the Adventist Mortality study.
Causes of rleatb and statistical metbods
The endpoints examined were ischaemic heart disease (ICD9 410-414), cerebrovascular disease (ICD9 430-4381, stomach cancer (ICD9 1511, colorectal cancer (ICD9 153 and 154), lung cancer (ICD9 1621, female breast cancer (KD9 174), prostate cancer (ICD9 185) and all causes of death.
Subjects were censored on reaching the age of 90 years. Person-years at risk were calculated using the Person-Years computer program", and death rate ratios for vegetarians compared to non-vegetarians in each study were calculated by Poisson regression using GLIM-4. All death rate ratios were adjusted for age (c 40, 40-44,. . .85-891, sex and smoking. The death rate ratios for the separate studies were then combined to give a pooled estimate of effect using the random effects model of DerSimonian and Laird", which also yields a test for heterogeneity between studies.
Results
Smoking rates varied between studies, but in all five studies the proportion of smokers was lower among the vegetarians than among the non-vegetarians ( Table  2) . Vegetarians had a consistently lower mean body mass index and a lower percentage of current alcohol drinkers, but a consistently higher percentage of high exercisers. Variations between vegetarians and nonvegetarians in level of education were small and inconsistent.
Subjects were followed for a mean of 10.6 years. Table 3 shows the death rate ratios for vegetarians compared to non-vegetarians in each study, adjusted for age, sex and smoking, together with the test for heterogeneity between studies, the all studies estimate from the random effects model, and the numbers of deaths from each cause. There was evidence of heterogeneity between studies for mortality from ischaemic heart disease, breast cancer and, especially, for mortality from all causes combined. For ischaemic heart disease, the death rate ratio for vegetarians versus non-vegetarians varied between studies from 0.45 to 0.97. The all studies rate ratio was 0.76 (95% CI 0.62-0.94). None of the death rate ratios for other causes of death was statistically significant for all studies together, although some of the individual study results were statistically significant in different directions. For all cause mortality the all study rate ratio was 0.95 (0.82-1.11). The association of vegetarianism with mortality was further examined in relation to sex, age, duration of current diet among vegetarians, and diet in three groups (regular meat, fish only or occasional meat, vegetarian). The results for ischaemic heart disease are described below; similar analyses for mortality from cancers of the colorectum, breast and prostate did not show any significant associations (results not shown).
Furtber analyses of vegetarianism and mortality from iscbaemic beart disease
The ischaemic heart disease death rate ratios for vegetarians compared to non-vegetarians among men and women were 0. 69 (0.56-0.84) and 0.80 (0.67-0.95) , respectively. This difference was not statistically significant.
The reduction in mortality was greater at younger ages than at older ages, with rate ratios of 0.55,0.69 and 0.92 for deaths at ages < 65, 65-79 and 80-89 years, respectively (test for trend P = 0.02; Table 4 ).
To assess whether the duration of diet was associated with mortality from ischaemic heart disease we subdivided the vegetarians according to whether they had followed their current diet for up to 5 years or for more than 5 years. There was no reduction in mortality among the minority of vegetarians who had followed their diet for 5 years or less, but the majority of vegetarians had followed their diet for more than 5 years and in comparison with non-vegetarians their death rate ratio was 0.74 (0.60-0.90) ( Table 5) .
The heterogeneity between studies in the association of a vegetarian diet with mortality from ischaemic heart disease could not be explained by the variation between studies in the distribution of age at death or by the variation in the proportion of vegetarians who had followed their diet for more than 5 years (results not shown).
In four studies there was information on the frequency of meat consumption (not available for the Health Food Shoppers study), and this was used to subdivide the non-vegetarians into regular meat eaters (those who ate meat at least once a week) and semivegetarians (those who ate fish only or who ate meat occasionally but less than once a week). In comparison with regular meat eaters (reference group), the death rate ratio for ischaemic heart disease was 0.78 in the Death rate ratios are adjusted for age (within categories), sex and smoking, and for study using a random effects model. Death rate ratios are adjusted for age, sex and smoking, and for study using a random effects model. Duration was unknown for 1785 vegetarians.
semi-vegetarians and 0.66 in the vegetarians (test for trend P < 0.001; Fig. 1 ). The all study ischaemic heart disease death rate ratio for vegetarians compared to non-vegetarians, with the results for each study adjusted for age, sex and smoking, was 0. 80 (0.70-0.92 ) among participants with a history of prior disease and 0. 76 (0.59-0.97 ) among participants without a history of prior disease.
Adjustment for potentiul confounding factors
Discussion
We have pooled the data from five large prospective studies. As far as we know this is all the data available concerning mortality in Western-style vegetarians. The all study death rate ratios represent the average experience of vegetarians in comparison with nonvegetarians with a broadly similar life-style. It should be noted that the overall standardized mortality ratios (SMRs) for all causes of death were considerably below 100% in all four studies for which these values have been published. Thus, SMRs for all subjects (vegetarians and non-vegetarians combined) were 49% in the Adventist Mortality study", 56% in the Health Food Shoppers study", 48% in the Heidelberg study6, and 46% in the Oxford Vegetarian study', no SMRs having been published for the Adventist Health study. Therefore, certain aspects of life-style shared by the vegetarians and the non-vegetarians in these studies appear to confer a substantial reduction in mortality in comparison with national rates. Much of this reduction in mortality is due to the relatively low prevalence of smoking in these cohorts, but some of it might also be due to differences in diet between the subjects studied and the general population in each country.
The principal finding of this pooled analysis is that vegetarians had a 24% lower mortality from ischaemic heart disease than non-vegetarians. This reduction in mortality was greater at younger ages, with a 45% reduction in risk of death from ischaemic heart disease before the age of 65 years. The reduction was confined to those who were assessed to have been vegetarian for more than 5 years, and was increased when the reference group was restricted to those who ate meat at least once a week (34% reduction). The reduction in mortality was little affected by adjustment for alcohol intake, education, exercise and body mass index, suggesting that it cannot be explained by confounding by these variables.
The highly significant association observed and the association with the amount of meat consumed, together with the absence of evidence of confounding, suggest that the reduction in mortality from ischaemic heart disease is caused by the dietary differences between vegetarians and non-vegetarians. Furthermore, the reduction in mortality from ischaemic heart disease was substantial regardless of whether or not participants had evidence of cardiovascular disease or diabetes at recruitment, suggesting that this result is not due to self selection of exceptionally healthy vegetarians".
Vegetarian diets can differ in many ways from nonvegetarian diets, and vegetarian diets themselves vary between different vegetarian groups, therefore it is impossible to draw any conclusions as to which aspect of the diet is protective. One possible explanation for the lower mortality from ischaemic heart disease among the vegetarians is that they have lower serum total cholesterol concentrations than non-vegetarians, largely because meat is a major source of hypercholesterolaemic saturated fatty acids but probably augmented by the hypocholesterolaemic effects of some plant foods2'. Measurements of serum cholesterol concentrations in samples of participants in three of the studies have demonstrated lower total serum cholesterol concentrations in the vegetarians than in the nonvegetarians: 0.61 mmol 1-' lower in the Health Food Shoppers study"; 0.43 mmol 1-' lower in the Oxford Vegetarian study23; and 0.33 mmol 1-' lower in the Heidelberg studyz4. Differences of a similar size have been observed in a comparison of vegetarian and nonvegetarian Seventh-day A d v e n t i~t s~~. Law et aL26 estimated that a 0.6 mmol 1-' difference in total serum cholesterol concentration would cause a 27% difference in mortality from ischaemic heart disease. This suggests that the lower mortality from ischaemic heart disease in the vegetarians could be largely due to their lower total serum cholesterol. It is also possible that some of the reduction in mortality from ischaemic heart disease in vegetarians is due to other mechanisms such as reduced oxidation of low density lipoprotein cholesterol or changes in blood clotting21.
There was heterogeneity between studies in the reduction in mortality from ischaemic heart disease among vegetarians. The reduction in mortality was greatest in the Adventist studies and in Heidelberg and least in the two British studies. We were unable to identify variables which explained this heterogeneity. Earlier analyses of the Health Food Shoppers cohort reported larger reductions in mortality from ischaemic heart disease in association with vegetarianism: a 31% reduction with follow-up until 198015 and a 29% reduction with follow-up until 19855. The most recent separate publication from this cohort, however, reported only a 15% reduction in mortality from ischaemic heart disease among vegetarians with follow-up until 1995 (for deaths before the age of 80 years)I9; this decrease in the size of the reduction in risk associated with vegetarianism might be due to changes in diet during the long follow-up for this study. Some heterogeneity between studies would be expected, because the dietary ddferences between vegetarians and non-vegetarians will vary between different populations, but we did not have sufficient dietary data from these studies to evaluate this fully.
Our results suggest that being a vegetarian pw se does not have a substantial effect on the risk of death from colorectal cancer, although it should be noted that, as for the other cancer sites examined, the number of deaths is an order of magnitude lower than for ischaemic heart disease and the confidence intervals do not exclude moderate associations. Our results are similar to those in a study of cancer mortality among nuns with different dietary patterns, some of whom did not eat any meat2'. Some large well-designed prospective studies have found a direct relationship between red meat consumption and the incidence of colon cancer28329, but other comparable studies have not found any relationship30331, and a very large prospective study found no association between frequency of red meat consumption and mortality from colon cances'. It is possible that meat may be associated more with the incidence of colorectal cancer than with mortality from this disease, or that meat is only an important risk factor among people with a low intake of certain plant foods, but the absence of any association of vegetarianism with colorectal cancer mortality in the current analysis suggests that meat (and fish) may have little effect on the development of this cancer and that other dietary hypotheses, such as a detrimental effect of refined carbohydrates, deserve more careful eva~uation'~.
Our analyses did not show significantly lower mortality from breast cancer or prostate cancer among vegetarians. We were not able to adjust the analysis of breast cancer mortality for established reproductive risk factors because we did not have this information from all the studies, but the result is consistent with previous reports from three of the studies in the current a n a l y~i s '~~'~~~~, with other studies of vegetarianism and breast ~a n c e r~' .~~, and with the negative results of a collaborative analysis of prospective studies of total fat, fat type and breast cancer risk36. For prostate cancer, a previous analysis of data from the Adventist Mortality study showed a weak relationship with meat consumption and a stronger relationship with total consumption of meat, mdk, cheese and eggs". In the current analysis we found a nonsignificant Yh reduction in prostate cancer mortality among vegetarians, suggesting that meat (and fish) may have only a minor effect on prostate cancer mortality.
For the other causes of death examined (cerebrovascular disease, lung cancer, stomach cancer) no marked association with vegetarianism was expected and none was observed. The all study estimate of all cause mortality was 5% lower in vegetarians than in non-vegetarians, but the confidence intervals for this estimate were relatively wide because of the substantial heterogeneity between studies.
In conclusion, this analysis has shown that vegetarians have a lower mortality from ischaemic heart disease than non-vegetarians, but has not established any associations of a vegetarian diet with other major causes of death. 
